Asthma is a significant pediatric public health concern, with 8.3% of children in the U.S. diagnosed with asthma. Pediatric asthma morbidity is consistently linked to medication non-adherence. Medication adherence has been shown to be influenced by patient-provider interactions. The aim of this study is to examine the relationship between medication adherence, using both objective and subjective reports, to patient-provider collaboration in adolescents with poorly controlled asthma. Thirty adolescents ages 12 to 15 were interviewed along with their caregivers using the Family Asthma Management System Scale (FAMSS). Adherence data were collected via pharmacy refill reports and scores on the FAMSS adherence rating subscale. Patient-provider collaboration was assessed using the corresponding subscale from the FAMSS interview. Pearson correlations were conducted to examine the relationships between both measures of adherence and patient-provider collaboration. There was no significant association between adherence measured with pharmacy refills and patient-provider collaboration (r = .27, p = .176).
Introduction
Asthma is one of the most prevalent chronic diseases affecting children in the United States.
Recent data shows approximately 8.3% of children are affected by asthma (Akinbami, Simon & Rossen, 2015) . The etiology of asthma is known to be impacted by genetic and environmental factors, but the exact causes of asthma and explanations of asthma severity are unknown (Zahran, Bailey, Qin & Moorman, 2014) . Asthma is a unique chronic illness in that the signs and symptoms change over time and present themselves differently in each individual case (Taylor et al., 2008) . Among all children affected by this chronic disease, over 60% of cases are characterized as persistent asthma (Zahran, Bailey, Qin & Moorman, 2014) .
Adolescents ages 12-15 have the highest number of near-fatal asthma episodes (Randolph & Fraser, 1999) . The severe nature of these episodes is often the result of failure to acknowledge or recognize the worsening of symptoms (Randolph & Fraser, 1999) . This could be attributed to the developmental changes adolescents undergo that affect their asthma management skills. Some of these transitions in development include increased autonomy, cognitive growth, knowledge gained through life experiences, and realization of identity (Bruzzese et al. 2004) . With increased autonomy in the onset of adolescence, parents may be overconfident in their child's asthma self-management skills, thus leading to issues with medication adherence (Walders, Drotar & Kercsmar, 2000) . In addition to changes within the adolescent, there are also transitions that occur within the family as a whole. The period of adolescence is often characterized by changes in roles within the family. Throughout this period of transition, there is often a discrepancy between parent and child reports of asthma related responsibilities (McQuaid, Nassau, Fritz & Klein, 1997) , meaning there are inconsistencies in knowledge of who is responsible for each aspect of the child's asthma care. Parents and adolescents often disagree upon the allocation of responsibilities for asthma management, which can result in poorly managed asthma (Walders, Drotar & Kercsmar, 2000) .
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Inhaled corticosteroids (ICS) are an effective and frequently prescribed medication for poorly controlled asthma as detailed by the National Asthma Education and Prevention Program (NAEPP, 2007) .
ICS reduce inflammation in the lungs, thus preventing asthma exacerbations when used regularly. They also maximize the effects of bronchodilators prescribed for emergency use during asthma exacerbations.
Despite the host of benefits regular ICS use offers in asthma management, adherence is typically poor in pediatric cases (McQuaid, Kopel, Klein & Fritz, 2003) . Pediatric asthma medication adherence estimates range from 46 to 58% across the literature (Modi & Quittner, 2006) . Factors that contribute to nonadherence include the demanding nature of the treatment regimen, deciding when to take emergency medications, and necessity of taking medication despite lack of symptoms (Drotar & Bonner, 2009 ). The adolescents' desire for increased autonomy in disease management, along with the redistribution of responsibilities within the family, can also lead to non-adherence (Walders, Drotar & Kercsmar, 2000) .
Non-adherence contributes to high rates of pediatric asthma morbidity (Drotar & Bonner, 2009) , along with increased rates of hospitalizations, decreased pulmonary function, and more activity restrictions (Bauman et al. 2002) .
Presently, there are no standardized measures for assessing medication adherence, making it difficult to quantify non-adherence in clinical applications. Some common approaches include subjective measures of adherence from patient, family member, and physician reports; objective measures of adherence from pill counts, pharmacy refill records, or electronic medication monitoring systems; and biochemical measurements (Brown & Bussell, 2011 ). An ideal approach combines multiple methods of adherence since significant differences are typically found between estimates of adherence obtained subjectively and objectively (Krishnan et al., 2012) . Therefore, there is a need to develop a combined approach in order to effectively measure medication adherence.
The national guidelines for asthma diagnosis and management have indicated that positive relationships among patients, caregivers, and providers are necessary in disease management. A common perceived barrier for adolescent asthma self-management includes negative feelings towards providers (Rhee, Belvea, Ciurzynski & Brasch, 2009 ). The provider should welcome patient questions and input to ASTHMA MED ADHERENCE AND PATIENT-PROVIDER COLLABORATION 5 develop an asthma management plan that the patient will comply with (Jones, 2008) . In a study assessing the barriers to treatment adherence in adolescents with asthma and cystic fibrosis, significant disparities were found among prescribed treatment plans and the caregiver understanding of the plan. Only 31% of providers and caregivers agreed on the asthma medications prescribed, likely indicating poor patientprovider communication (Modi & Quittner, 2006) .
A strong relationship between medication adherence and patient-provider collaboration has already been established in the literature. Without a collaborative relationship between the patient and the physician, adherence will suffer (Sleath et al., 2012) . Despite the established relationship between medication adherence and patient-provider interaction, it remains unclear whether subjective or objective measures of adherence exhibit a stronger correlation to adolescents' relationships with their providers.
The goal of this paper is to examine the association between asthma medication adherence, using objective and subjective measures, and patient-provider collaboration in adolescents with poorly controlled asthma.
Aims and Hypotheses
• Aim 1: Examine the association between subjective assessment of asthma medication adherence and patient-provider collaboration.
o Hypothesis 1: Higher asthma medication adherence based on the Family Asthma Management System Scale (FAMSS) subscale rating scores will be associated with better patient-provider collaboration.
• Aim 2: Examine the association between objective assessment of medication adherence using pharmacy refill data and patient-provider collaboration.
o Hypothesis 2: Higher frequency of asthma medication refill with be associated with better patient-provider collaboration.
Methods
This study looked at the association between adherence with asthma medications and the patientprovider relationship in early adolescents. Data came from baseline data collected through an ongoing ASTHMA MED ADHERENCE AND PATIENT-PROVIDER COLLABORATION 6 longitudinal study titled AIM2ACT: Applying Interactive Mobile health to Asthma Care in Teens. The adolescents included in the study were ages 12-15 and lived in the same residence as their caregiver. All participants had a diagnosis of persistent asthma and were prescribed a controller medication. Every adolescent had poorly controlled asthma which was defined by the NAEPP as experiencing any one of the following in the past two weeks: more than 4 days of daytime asthma symptoms, 1 or more nights of nighttime awakenings, more than 4 days of normal activity limitation, more than 4 days of using shortacting beta antagonist (i.e., rescue inhaler), or a score of ≤ 19 on the Asthma Control Test (NAEPP, 2007; Liu et al., 2007) . All dyads spoke English. Those families that were enrolled in an asthma management intervention or had a child with a severe cognitive or developmental delay were excluded from the study.
The aims of AIM2ACT were twofold: to develop a mHealth tool to guide helpful caregiver support during the development of asthma self-management behaviors in early adolescents and to determine the feasibility, acceptability and efficacy of the mHealth tool among 50 early adolescents with persistent asthma.
The Family Asthma Management System Scale (FAMSS) is a semi-structured, validated family interview that was administered to the adolescents and caregivers in this study (McQuaid, Walders, Kopel, Fritz & Klinnert, 2005) . The questions in the interview required both open-ended responses and ratings on 5-point Likert scales. The FAMSS was used to evaluate the core aspects of asthma management and was rated according to nine subscales, two of which included medication adherence and collaboration with healthcare provider. After the administration of the interview, dyads' responses were rated on a scale from 1=poor management to 9=excellent management using a standard manual that The objective assessment of adherence recorded the number of months participants filled their long-term controller medications over the 12 months prior to enrollment in the study. Prescriptions for asthma controller medications are typically filled in 30-day (one month) supplies (Sherman, Hutson, Baumstein, Hendeles, 2000) . This information was used to calculate the medication possession ratio (MPR), a common method of objectively measuring adherence. MPR was determined by dividing the number of times the prescription was filled by the observed time period (Hess, Raebel, Conner & Malone, 2006 ).
The pharmacy refill data and the FAMSS scores for both adherence to asthma medications and collaborative relationship with provider were analyzed using the Statistical Package for the Social Sciences (SPSS). Pearson bivariate correlations were conducted to examine associations between both measures of asthma medication adherence and patient-provider collaboration. The basic descriptive information for this group of participants was also obtained from SPSS.
Results
The study involved participation from 30 adolescent-caregiver dyads. The adolescents in the study ranged in age from 12-15 and all of them had poorly-controlled asthma at the time of screening.
The average age of the participants was 13.20 years. Of the 30 adolescents, 17 were male and 13 were female. The majority of the adolescents identified as African American (n=19) and the mean total household income for the past year was $25,541.70 (see Table 1 ).
The first aim examined the association between the subjective measure of asthma medication adherence and patient-provider collaboration. Pearson correlation coefficients revealed a positive association between FAMSS medication adherence scores and FAMSS collaborative relationship with provider (r = .53, p = .003). A higher rating of medication adherence was associated with better patientprovider collaboration. The second aim evaluated the relationship between the objective measure of asthma medication adherence and patient-provider collaboration. The correlation between MPR and the ASTHMA MED ADHERENCE AND PATIENT-PROVIDER COLLABORATION 8 FAMSS collaborative relationship with provider subscale did not demonstrate a significant relationship (r = .27, p =.176). The correlation between the two measures of adherence was also non-significant (r = .35, p = .068) (see Table 2 ).
Discussion
It was hypothesized that both the objective and subjective measures of medication adherence would be positively associated with patient-provider collaboration. This hypothesis was partially supported in that the subjective measure of adherence using the FAMSS data was significantly associated with patient-provider collaboration. This suggests that higher medication adherence may be associated with more patient-provider collaboration. However, the objective measure of adherence via pharmacy refill data was not significantly related to patient-provider relationship. This may be attributed to the idea that pharmacy refill data does not imply that patients are actually taking their medication; it only measures medication possession (Lehmann et al. 2014) . Interestingly, the individual measures of adherence were not correlated with each other. Due to small sample size, there may not have been enough power to detect an effect. On the other hand, this could indicate that the measures assess adherence differently. The FAMSS data incorporates use of participant self-report and researcher ratings, while MPR is solely based on pharmacy refill data.
The findings of this study support previous literature indicating that better medication adherence may be linked to a stronger patient-provider relationship (Sleath et al., 2012) . The information in this study emphasizes the importance of the role the provider plays in the transition of care that occurs in adolescence. A treatment plan that both the patient and the provider understand and agree upon is ideal in ensuring treatment adherence. Results of this study show that a more collaborative plan may be more likely to be adhered to, potentially increasing the low rates of adherence observed in the studied age group. In addition, the multi-method assessment of adherence used in this study supports literature indicating objective assessments are needed to quantify adherence and that the combination of subjective and objective measures is the most useful (Krishnan et al., 2012) .
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The current study had several limitations, which may have affected the outcomes of the subjective and objective measures of adherence. One limitation in this study was the use of subjective measurements in the FAMSS interview. On average, the FAMSS interview was approximately 43 minutes long which may have induced fatigue in the participants. In addition, the use of self-report and researcher ratings in the FAMSS may have led to response bias. Another limitation in this study was the small sample size and the restricted location of data collection. There were also some limitations that resulted due to reliance on pharmacy refill data. Some participants may have obtained sample medications from their provider's office, thus eliminating the need for a refill from their pharmacy. Information about the previous use of inhalers was not considered, which may have resulted in discrepancies for participants who used multiple inhalers within the observed time period. In addition, the participants' pharmacy refill data may have been impacted if they switched from one pharmacy to another during the study. Since information on only one pharmacy was received, many pharmacies did not have a complete history of ICS refills.
The findings of this study emphasize the importance the patient-provider relationship has in patient medication adherence and disease self-management. However, it is still unclear which methods are the most appropriate for measuring medication adherence in adolescents with poorly controlled asthma. Future studies should examine data for a broader and larger sample from multiple sites.
Additional studies should also assess adherence using various subjective and objective methods since combined approaches have been found to be most effective (Krishnan et al., 2012) . The studies should consider using electronic device monitors for inhalers, obtaining refill information directly from the insurance companies, and incorporating information from multiple informants (i.e., physicians, families, and patients). Use of a multi-method approach to adherence assessment could increase the impact these studies have on asthma morbidity in adolescents.
